Accidental ingestion of foreign bodies and its management is a common problem seen more in the pediatric population than in adults. A review of the literature suggests that endoscopic removal of foreign bodies is curative for objects located in the cricopharynx or upper esophagus. Foreign bodies passed into the stomach can usually be observed for development of symptoms, because 80% of them would be spontaneously passed.
Accidental ingestion of foreign bodies and its management is a common problem seen more in the pediatric population than in adults. A review of the literature suggests that endoscopic removal of foreign bodies is curative for objects located in the cricopharynx or upper esophagus. Foreign bodies passed into the stomach can usually be observed for development of symptoms, because 80% of them would be spontaneously passed.
However, ingestion of metallic foreign bodies involving coins or button-type batteries may require an aggressive approach. A few cases of intestinal obstruction due to magnet ingestion have been reported in Japan, China, and Korea where magnets are used for treatment in traditional medicine. [1] [2] [3] [4] [5] When more than one magnet is ingested they can be attracted to each other through the intestinal wall, causing necrosis and intestinal perforation or fistula, so they should be removed while they are still accessible with endoscope.
We report a case for the first time in the United States of intestinal obstruction and fistula formation due to ingestion of more than one magnet. We feel that early endoscopic removal of magnets or a magnet along with a magnetic foreign body is safe and should be the choice of management. The author proposes an algorithm for management of foreign body ingestion focusing on early retrieval of magnetic foreign bodies.
Case
An 11-year old boy presented with a three-week history of nausea, vomiting, and burning epigastric pain. He had been treated for Streptococcus A pharyngitis by his pediatrician and had been seen in the emergency department previously with a negative work-up. At admission, vital signs were stable but the patient was visibly uncomfortable, lying on his left side with bilateral lower extremities flexed. Physical examination revealed abdominal tenderness with light palpation and decreased bowel sounds in the right and left lower quadrants. Leukocyte count was 13,900/mm 3 , hemoglobin and hematocrit were slightly elevated, and all other laboratory findings were within normal limits. Radiograph and CT scan of abdomen and pelvis confirmed the presence of two foreign bodies in the pelvis with bowel obstruction (Figures 1 and 2 ). After multiple rounds of questioning, the patient revealed that he had swallowed two magnets from a toy approximately 1 month before. A surgical consult was called that resulted in an exploratory laparotomy. Operative report of our patient describes fistulae formation at ileoileal level involving a "U" turn region of ileum and proximal jejunum and distal ileum that fistulized through the mesentery of terminal ileum. The procedure involved division, debridement to healthy bowel and closure of jejunoileal fistula, enterotomy for foreign body removal, and reinforcement at ileoileal fistula after division. The specimens were examined by the pathologist and confirmed to be consistent with fis- tula formation. The foreign body was identified and found to be 2 grayish tan magnetic torpedoshaped metal fragments measuring 5.7 ϫ 1.5 ϫ 1.5 cm. A jejunoileal fistula caused by these magnets was found. The magnets were removed, and the fistula was repaired. The patient's postoperative hospital course was unremarkable, and he was discharged on the 8th postoperative day.
Discussion
Foreign bodies in the alimentary tract of children are commonly managed by pediatricians and surgeons. Most foreign bodies pass readily into the stomach and travel the remainder of the gastrointestinal tract without difficulty; nevertheless, the experience frequently is traumatic for the patient, the parents, and the physician, who must await the removal or the ultimate passage of the foreign body. 6 Ten to 20% of ingested foreign bodies will fail to pass through the entire gastrointestinal tract. 9 Any foreign body that remains in the tract may cause obstruction, perforation or hemorrhage, and fistula formation. Less than 1% cause perforations 7 that are probably caused by sharp objects or by erosion. The duration of an ingested foreign body in the gastrointestinal tract and the risk of perforation or obstruction are associated with the anatomy and structure of the gastrointestinal tract. The areas in the gastrointestinal tract where obstruction commonly occurs are shown in Table 1 . 
Diagnosis
The diagnosis depends on the clinical history of foreign body ingestion (very important in radiolucent foreign bodies) invariably with confirmation by radiograph or CT scan appearance and upper endoscopy. Plain radiograph of neck and chest in both anteroposterior and lateral views is required in all cases in addition to abdominal films. A CT scan is more informative if available or if radiographs are inconclusive. Contrast studies with Gastrograffin may be required in excluding or locating the site of impaction of the foreign body as well as determining the level of a perforation. Using contrast is important in identifying and locating foreign bodies if intrinsically non-radiopaque substances, such as wooden checkers or fish and chicken bones are ingested. 8 
Risk Factors
The foreign bodies that obstruct the esophagus are relatively different from those further down the gastrointestinal tract. The esophagus is a passive and inadaptable organ in which peristalsis may not be sufficient to pass objects that are large. For the same reason, perforation from a foreign body is more likely to occur in the esophagus than in the rest of the tract. The resultant edema from local trauma may cause greater obstruction making later manipulation increasingly difficult and risky. Perforation of the esophagus is dangerous because it may lead to parapharyngeal or retropharyngeal abscess with possible descending mediastinitis. Rarely a fistula may be formed with an adjacent vessel.
Studies have shown that the cervical esophagus is the most common site of impaction and complications in perforation followed by upper thoracic esophagus, pyriform fossa, and valecula. 9 Complications of esophageal foreign body occur more often in adults than in the pediatric population 8 and includes but is not limited to perforation leading to retropharyngeal abscess, subcutaneous emphysema, mediastinitis, retroesophageal abscess, lung abscess, and esophago-aortic fistula and tracheo-esophageal fistula-fortunately rare. Many patients complain of persistent hoarseness, dysphagia, and pain for weeks following the removal.
A foreign body arrested in the esophagus should be removed as soon as the diagnosis is made for the above reasons. 8 Please refer to Table 2 8 for the symptoms in order of frequency in adults and children.
Once the foreign body passes the esophagogastric junction into the stomach, it will usually pass through the pylorus 10 ; however, surgical removal is indicated if the foreign body has sharp points or if it remains in one location for more than 4 to 5 days especially in the presence of symptoms. A decision should be based on the nature of the foreign body in those cases, as to whether a corrosive or toxic metal in ingested. 11 Magnets or a magnet along with a magnetic object should be emergently removed.
The length of the foreign body is also a risk factor for obstruction, particularly in children under 2 years of age because they have considerable difficulty in passing objects longer than 5 cm through the duodenal loop into the jejunum. In infants, foreign bodies 2 or 3 cm in length may also become impacted in the duodenum. 12 Although the literature doesn't document a particular length beyond which a foreign body is likely to cause perforation or obstruction, it has been recommended objects longer than 5 cm be endoscopically removed. 13, 14 The number of objects does not appear to be a risk factor for perforation, 15 which may not true, when it comes to magnetic foreign bodies. Even nonmagnetic items may be more likely to cause obstruction if a large number is ingested. The largest number of foreign bodies reported in the literature was ingested by a woman with a psychiatric disorder, 16 who required surgical removal of 2533 objects (none were magnetic) without any evidence of bleeding, ulceration, or perforation.
The chemical nature of the ingested foreign body is of importance when it includes a substance that can cause mucosal injury. The results of a national button battery ingestion study revealed that 89.9% of 119 ingested button batteries were spontaneously passed in 12 to 14 days. Endoscopic retrieval of button batteries failed in 66.6% of cases, 17, 18 usually due to migration of the battery distally during air insufflation at endoscopy. Rarely, ingested batteries may leak, causing mucosal burns. This has been documented most often in the esophagus, with production of secondary tracheoesophageal fistula and perforation. 19 -22 Consideration of the underlying comorbid states were first done by McPherson et al who examined the contribution of chronic intestinal obstruction due to hernia or postoperative adhesions to the risk of intestinal perforation by foreign bodies. 23 There are, however, no studies examining pre-existing intestinal disease (eg, Crohns, UC, and pseudo-obstruction) and their possible contribution to foreign body impaction or perforation. Such risk factors nevertheless are well established indications for early endoscopic and possible surgical interventions. 24 In cases when objects fail to pass the tract in 3 to 4 weeks, reactive fibrinous exudates due to the foreign body may cause adherence to the mucosa, and objects may migrate outside the intestinal lumen to unusual locations such as the hip joint, bladder, liver, and peritoneal cavity. 25 The length of time between ingestion and presentation may vary from hours to months and in unusual cases to years, as in the case reported by Yamamoto of an 18 cm chopstick removed from the duodenum of a 71-year-old man, 60 years after ingestion. 26 
Treatment
Occasionally objects that reach the colon may be expelled after enema administration. However, stool softeners, cathartics and special diets are of no proven benefit in the management of foreign bodies. 27 Catharsis may be dangerous as it stimulates forceful contractions and drives the object against the intestinal wall.
Early intervention is required if there are risk factors for complications such as bleeding, mucosal trauma, perforation (of the esophagus), and aspiration of the object as it is removed from the posterior pharynx. The problems of aspiration and perforation can be averted by use of protective techniques during foreign body removal. 28 The risks of endoscopic removal of objects are the inherent risks associated with endoscopy in addition to the dangers of extracting the object. A 1974 survey of 211,410 upper endoscopic examinations revealed an overall complication rate of 1.32/ 1000. 29 Among serious cases of morbidity, cardiopulmonary complications are most frequent (1/1638) followed by perforation (1/3300) and bleeding (1/3500). Since 1974, there has been tremendous improvement in techniques and instruments, and safer anesthetics making these safer with minimal complications. Methods to deal with foreign bodies include suture technique, the double snare technique, combined forceps/snare technique for long and sharp foreign bodies, along with newer equipment, such as retrieval nets and variety of specialized forceps. 30 The management of patients who have ingested magnetic foreign bodies poses unusual challenges, as with our patient. Complications are caused by magnetic force, because magnets attract each other, holding the intestinal walls between them. The affected area of the wall then becomes compressed and necrotic, resulting in intestinal perforation or fistulae. Moreover, if the mesenteric vessels are involved between the walls, intraperitoneal hemorrhage may occur.
Reports describing the ingestion of metallic foreign bodies have been made but for magnetic ingestion until 1995. 31 Our review of the literature indicates a report in Japanese as early as 1991 in Shonika (Pediatrics of Japan). These case reports are from Japan 2 and Korea 3 where magnets are used for treatment of stiffness of neck or shoulders, improvement of circulation. These magnets are small enough to be swallowed easily and can cause problems more if than one is swallowed. Two other case reports from Japan discuss strangulated intestinal obstruction with an ileoileal fistula 4 and 4 perforations. 5 Although it is clear that immediate endoscopic retrieval of foreign bodies lodged in the esophagus is indicated, the current approach to management of foreign bodies which have passed the esophagus depends on the presence or absence of abdominal symptoms, peritonitis, the rate of progression, and the nature of the object.
An algorithm for management of foreign body ingestion was developed and published in 1984 by Selivanov et al 32 and later modified by Henderson et al in 1987. 10 The algorithm took into account the size of the ingested foreign body and existence of chronic intestinal disease. We suggest a modification be made to the algorithm to account for magnetic objects (Figure 3) .
A review of the literature involving magnetic foreign bodies would make it clear that with one magnet Ͻ5 cm devoid of sharp edges without coexistence of other metallic objects and underlying intestinal illness, observation is indicated. However, when more than one magnet is ingested, or a magnet along with another magnetic foreign body is ingested they should be removed while they are still accessible with an endoscope. If they have passed beyond the pylorus at the time of admission and can't be retrieved, surgical intervention is imperative because of the potential of opposing magnets causing bowel complications. An emergency explorative laparotomy and removal of the magnet or magnets with a magnetic foreign body in addition to necessary repairs should be the rule. 
